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(57) ABSTRACT

An electrical capacitance proximity sensor for detecting a
nearby object takes a normal operation mode for detecting
the nearby object approaching and a self-diagnostic mode
for detecting a correct connection between a sensor section
and a detecting circuit section. The detecting circuit section
1s provided with a bufler controller which supplies a second
oscillation signal having the same phase and voltage as a
first oscillation signal applied to a guard electrode in the
normal operation mode, and stops supplying the second
oscillation signal i1n the self-diagnostic mode. A control
circuit determines whether the sensor section 1s correctly
connected to the detecting circuit section base on the change
in the detecting signal 1in the normal operation mode and the
seli-diagnostic mode.

6 Claims, 7 Drawing Sheets
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FIG. 5
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FIG. 7
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ELECTRICAL CAPACITANCE PROXIMITY
SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electrical capacitance
proximity sensor for detecting a nearby object in response to
a variation 1n electrostatic capacitance and, more specifi-
cally, an electrical capacitance proximity sensor having a
seli-diagnostic function.

Priority 1s claimed from Japanese Patent Application No.
2004-208341, filed Jul. 15, 2004, the content of which 1s
incorporated herein by reference.

2. Description of Related Art

An electrical capacitance proximity sensor for detecting a
nearby object 1s well known 1n the art. Such an electrical
capacitance proximity sensor converts a variation 1 elec-
trostatic capacitance between a detecting electrode and a
ground electrode caused by approaching the nearby object
into a variation 1n an oscillation frequency, transforms or
linearizes the oscillation frequency into a direct current
voltage, and compares the direct current voltage with a
predetermined threshold value to detect the nearby object. A
separate structure has been proposed for the electrical
capacitance proximity sensor i which a sensor section
which 1includes the detecting electrode and the ground
clectrode 1s apart from a detecting circuit section which
includes an oscillation circuit and a comparator. In this
separate structure, an electrostatic capacitance 1s mevitably
generated 1n a cable which connects the sensor section and
the detecting circuit section and influences the variation in
the electrostatic capacitance detected by the sensor section
as an error, and an accurate detection of the nearby object 1s
prevented.

To solve this problem, an electrical capacitance proximity
sensor 1s proposed in Japanese Unexamined Patent Appli-
cation, First Publication No. HO7-294677 (see paragraphs
0006 through 0008 and FI1G. 1). In the electrical capacitance
proximity sensor, a shield electrode 1s interposed between
the detecting electrode and the ground electrode so as to be
insulated from both the detecting and ground electrode. The
detecting electrode and the shield electrode are connected to
a core wire and a coated wire of a shield cable, respectively.
On the detecting circuit side, the core wire and the coated
wire are connected to mput and output terminals of a bufler
circuit, respectively, in which the detecting electrode and the
shield electrode are always held at the same phase and the
same voltage. According to this structure, the core wire and
the coated wire of the shield cable are also held at the same
phase and same voltage so that no charge or discharge
between the core and coated wire occurs. As a result, the
above structure prevents the detecting circuit section from
being influenced by the electrostatic capacitance generated
in the cable.

Although the sensitivity of detection 1s improved in the
clectrical capacitance proximity sensor of the related art as
described above, it does not operate well and cannot see the
reason for malfunction cannot be ascertained when the
sensor section and the detecting circuit section are incor-
rectly connected.

SUMMARY OF THE INVENTION

The present invention has been made 1n view of the above
problems. It 1s therefore an object of the present invention to
provide an electrical capacitance proximity sensor for
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2

detecting a nearby object with high sensitivity which has a
self-diagnostic function to determine whether a sensor sec-
tion 1s correctly connected to a detecting circuit section. To
achieve the above object, an electrical capacitance proximity
sensor for detecting a nearby object according to a first
aspect of the present invention has: a sensor section which
includes a first electrode used as a detecting electrode, a
second electrode used as other than the detecting electrode,
and a guard electrode provided between the first and second
clectrodes, the guard electrode being msulated from the first
and second electrodes; a detecting circuit section which
detects the nearby object by monitoring a variation 1n an
clectrostatic capacitance generated by the first electrode to
output a detecting signal; a connecting cable which includes
first and second wires to connect the sensor section and the
detecting circuit section, wherein: the first electrode and the
guard electrode are connected to one end of the first and
second wires, respectively; the detecting circuit section
receives a first oscillation signal according to the electro-
static capacitance generated by the first electrode from the
other end of the first wire and supplies a second oscillation
signal having the same phase and the same voltage as the
first oscillation signal to the other end of the second wire, the
detecting circuit section taking a normal operation mode for
detecting the nearby object and self-diagnostic mode for
making a diagnostic of a correct connection between the
sensor section and the detecting circuit section; and the
detecting circuit section further includes: a switching con-
troller which supplies the second oscillation signal to the
other end of the second wire in the normal operation mode
and stops supplying the second oscillation signal to the other
end of the second wire 1n the self-diagnostic mode; and a
control circuit which determines an incorrect connection
between the sensor section and the detecting circuit section
in the self-diagnostic mode based on changes in the detect-
ing signal by comparing the detecting signal in the normal
operation mode with the detecting signal in the self-diag-
nostic mode.

Further, an electrical capacitance proximity sensor for
detecting a nearby object according to a second aspect of the
present invention has: a sensor section which includes a first
clectrode used as a detecting electrode, a second electrode
used as other than the detecting electrode, and a guard
clectrode provided between the first and second electrodes,
the guard electrode being 1insulated from the first and second
clectrodes; a detecting circuit section which detects the
nearby object by monitoring a variation in an electrostatic
capacitance generated by the first electrode to output a
detecting signal; a connecting cable which includes first and
second wires to connect the sensor section and the detecting
circuit section, wherein: the first electrode and the guard
clectrode are connected to one end of the first and second
wires, respectively; the detecting circuit section receives a
first oscillation signal according to the electrostatic capaci-
tance generated by the first electrode from the other end of
the first wire and supplies a second oscillation signal having
the same phase and the same voltage as the first oscillation
signal to the other end of the second wire, the detecting
circuit section taking a normal operation mode for detecting
the nearby object and self-diagnostic mode for making a
diagnostic of a correct connection between the sensor sec-
tion and the detecting circuit section; and the detecting
circuit section further includes: a voltage pattern applying
circuit which supplies a predetermined voltage pattern,
instead of the second oscillation signal, to the other end of
the second wire 1n the selif-diagnostic mode; and a control
circuit which determines an incorrect connection between
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the sensor section and the detecting circuit section in the
self-diagnostic mode based on changes in the detecting
signal when the predetermined voltage pattern 1s supplied to
the other end of the second wire.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an electrical capaci-
tance proximity sensor and a detecting circuit section for the
clectrical capacitance proximity sensor according to a {first
exemplary embodiment of the present invention.

FIG. 2 1s a cross-sectional view taken along a line A—A'
in FIG. 1 showing the electrical capacitance proximity
sensor according to the first exemplary embodiment of the
present mvention.

FIG. 3 1s a circuit diagram showing a detecting circuit in
the detecting circuit section shown 1n FIG. 1 according to the
first exemplary embodiment of the present invention.

FIG. 4 1s a time chart showing an operation of the
detecting circuit shown 1 FIG. 3 1 a normal operation
mode according to the first exemplary embodiment of the
present mvention.

FIG. 5§ 1s a flow chart showing an operation of a control
circuit 1n the detecting circuit section shown in FIG. 1
according to the first exemplary embodiment of the present
invention.

FIG. 6 1s a block diagram showing an electrical capaci-
tance proximity sensor and a detecting circuit section for the
clectrical capacitance proximity sensor according to a sec-
ond exemplary embodiment of the present invention.

FIG. 7 1s a flow chart showing an operation of a control
circuit 1n a detecting circuit section shown 1n FIG. 6 accord-
ing to the second exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Now, exemplary embodiments of the present ivention
will be described below with reference to the drawings.

FIG. 1 shows an electrical capacitance proximity sensor
for detecting a nearby object according to a first exemplary
embodiment of the present invention.

The electrical capacitance proximity sensor system
includes a sensor section 10, a detecting circuit section 20
and a shield cable 30 for connecting the sensor section 10
and the detecting circuit section 20.

The sensor section 10 1s formed by a flexible print circuit
(FPC), a nigid print circuit (RPC) or the like. As shown 1n
FIG. 2 which 1s a cross-sectional view taken along a line
A—A" 1 FIG. 1, the sensor section 10 includes an 1nsulating,
substrate 11 made of polyethylene terephthalate (PET),
polyethylene naphthalete (PEN), epoxy resin, or the like. A
detecting electrode 12, which may also be referred to as a
“first electrode” and 1s made of copper, copper alloy, alu-
minum, or the like, 1s formed by a pattern printing on the
insulating substrate 11. The sensor section 10 1s also pro-
vided with a ground or earth electrode 13, which may also
be referred to as a “second electrode”, and a guard electrode
14. The ground electrode 13 i1s square or rectangular in
shape. The guard electrode 14 has a U-shaped configuration
to surround three sides of the ground electrode 13. The
detecting electrode 12 also has a U-shaped configuration to
surround the outer periphery of the guard electrode 14. The
detecting, ground and guard electrodes 12, 13 and 14 are
insulated from each other.

10

15

20

25

30

35

40

45

50

55

60

65

4

The detecting circuit section 20 includes a detecting
circuit 21, a bufler 22, a buller controller 23 and a control
circuit 24. The detecting circuit 21 receives an input signal
Vin (this signal may be also referred to as a “first oscillation
signal”) from the detecting electrode 12 and outputs a
detecting signal Vout corresponding to an amount of an
clectrostatic capacitance generated between the detecting
clectrode 12 and the ground electrode 13. The builer 22
receives the mput signal Vin and outputs a second oscillation
signal which has the same phase and the same voltage as the
input signal Vin to the guard electrode 14. That 1s, the buller
22 functions as a voltage follower whose gain 1s “1”. The
bufler controller 23 controls the activation of the butler 22
and makes the bufler 22 turn on or off. The control circuit 24
receives the detecting signal Vout from the detecting circuit
21 to output a nearby detection signal and a connect error
signal as described later and controls the bufler controller
23.

The shield cable 30 consists of a core wire 31 (which may
also be referred to as a “first line”) and a coated wire 32
(which may also be referred to as a “second line”) surround-
ing the core wire 31 with an insulation material coated
therebetween. One end of the core wire 31 1s connected to
the detecting electrode 12 while the other end 1s connected
to an nput terminal of the detecting circuit 21. One end of
the core wire 32 1s connected to the guard electrode 14 while
the other end 1s connected to an output terminal of the bufler
22.

The detecting circuit 21 will now be described in detail
with reference to FIG. 3.

As the detecting circuit 21, a circuit can be used such that
its frequency or duty ratio 1s changed 1n accordance with the
amount of the electrostatic capacitance generated between
the detecting electrode 12 and the ground electrode 13. FIG.
3 shows one example of the detecting circuit 21 whose duty
ratio 1s changed 1n response to variation in the electrostatic
capacitance C.

As shown 1n FIG. 3, the detecting circuit 21 includes a
trigger signal generating circuit 211, a timer circuit 212 and
a low pass filter (LPF) 213. The trigger signal generating
circuit 211 generates a trigger signal whose frequency 1is
constant. The timer circuit 212 generates a pulse signal Po
whose duty ratio 1s changed 1n accordance with an electro-
static capacitance C connected to 1ts input terminal. The LPF
213 passes a direct current component of the pulse signal Po
output from the timer circuit 212 and outputs it as the
detecting signal Vout.

In this exemplary embodiment, the timer circuit 212 1s
formed by a pair of comparators 2121 and 2122, an RS
thip-flop (RS-FF) 2123 which receives outputs of the com-
parators 2121 and 2122 to 1ts R and S terminals, respec-
tively, a bufler 2124 which receirves an output DIS of the
RS-FF 2123 and outputs it to the LPF 213, and a transistor
2125 which 1s controlled to turn on or off by the output DIS
of the RS-FF 2123.

As shown 1n FIG. 3, the comparator 2122 compares the
trigger signal TG generated by the trigger signal generating
circuit 211 with a predetermined threshold value Vth2 which
1s generated by dividing a source voltage VDD by resistors
R1, R2 and R3. As a result of the comparison, the compara-
tor 2122 produces set pulses whose frequency 1s synchro-
nized with the trigger signal TG The set pulses set the Q
output of the RS-FF 2123. The Q output makes, functioning
as the discharge signal DIS, the transistor 2125 turn off. In
this state, the capacitor defined between the detecting elec-
trode 12 and the ground electrode 13 1s charged by the
source voltage VDD at a charging velocity determined by a




UsS 7,119,554 B2

S

time constant according to the capacitance C between the
detecting and the ground electrodes 12 and 13 and the
resistance of the resistor R4 connected between the input
terminal and the source voltage VDD. Thus, as shown in
FIG. 4, the voltage of the 1input signal Vin 1s increased at the
charging velocity determined by the amount of the electro-
static capacitance.

When the input signal Vin exceeds a threshold value Vthl
which 1s determined by the resistors R1, R2 and R3, the
output of the comparator 2121 1s reversed to reset the RS-FF
2123 and to reverse the Q output (DIS). The transistor 2123
1s then turned on so as to make the detecting electrode 12
discharge the electric charge stored therein through the
transistor 2125. Thus, the timer circuit 212 outputs the pulse
signal Po which 1s oscillating with the duty ratio determined
by the electrostatic capacitance formed between the detect-
ing electrode 12 and the ground electrode 13 as shown 1n
FIG. 4. The LPF 213 smoothes the pulse signal Po and
outputs the detecting signal Vout having a direct current
voltage as shown 1n FIG. 4. When the electrostatic capaci-
tance 1s relatively small, the waveforms of the mput signal
Vin, the pulse signal Po and the detecting signal Vout are
represented by solid lines 1n FIG. 4. When the electrostatic
capacitance 1s increased by, for instance, approaching an
object to be detected, the wavetorms of the input signal Vin,
the pulse signal Po and the detecting signal Vout become
dotted lines as represented in FIG. 4.

The control circuit 24 takes a normal operation mode or
a self-diagnostic mode. In the normal operation mode, the
control circuit 24 enables the bufler 22 to be 1n the on state
through the builer controller 23 and monitors the detecting
signal Vout output from the detecting circuit 21. In the
seli-diagnostic mode, the control circuit 24 makes the butler
22 be 1n an off state and monitors the change 1n the detecting
signal Vout to determine whether or not the sensor section 10
1s correctly connected to the detecting circuit section 20.

Next, the operation of the electrical capacitance proximity
sensor thus structured will be explained. FIG. 5 shows the
operation of the control circuit 24.

First, the operator or a superior device sets the detecting
circuit section 20 to be 1n the normal operation mode or the
self-diagnostic mode.

When the normal operation mode 1s requested (SI), the
control circuit 24 makes the bufler 22 be 1n the on state (S2)
via the butler controller 23 and monaitors the detecting signal
Vout from the detecting circuit 21 (S3). When the bufler 22
1s activated, the second oscillation signal, which has the
same phase and voltage as the mput signal Vin appearing in
the core wire 31, 1s applied to the coated wire 32 of the shield
cable 30. Accordingly, the input signal Vin to the detecting
circuit 21 1s not influenced by the electrostatic capacitance
existing between the core wire 31 and the coated wire 32.
Thus, the electrostatic capacitance detected by the detecting
circuit 21 depends only on the electrostatic capacitance
between the detecting electrode 12 and the ground electrode
13 and that between the nearby object to be detected and the
detecting electrode 12. This structure makes 1t possible to
increase the sensitivity 1n the detection of the nearby object.

When the detecting signal Vout exceeds a predetermined
threshold value TH, the control circuit 24 determines that the
object 1s approaching to the detecting electrode 12 and turns
the nearby detection signal on (S4). Otherwise, it holds the
nearby detection signal off (55). In this exemplary embodi-
ment, the nearby detection signal has only two values, 1.¢.,
on and ofl. It 1s possible, however, that the nearby detection
signal has more than two levels each of which represents a
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distance between the nearby object and the detecting elec-
trode 12 when the kind of object 1s generally specified in
advance.

When the self-diagnostic mode 1s requested (S1), the
control circuit 24 makes the butler 22 be 1n the off state (S6)
via the bufler controller 23. When the builer 22 1s not
activated, the coated wire 32 of the shield cable 30 1s 1n the
floating state so as to increase the capacity coupling between
the detecting electrode 12 and the ground electrode 13. In
the case 1 which the sensor section 10 and the detecting
circuit section 20 are correctly connected, the electrostatic
capacitance in the mnput signal Vin of the detecting circuit 21
suddenly varies and the detecting signal Vout also suddenly
changes. On the other hand, 1n the case 1n which the sensor
section 10 and the detecting circuit section 20 are incorrectly
connected, the input terminal of the detecting circuit 21 1s 1n
an open state. Any substantial variation in electrostatic
capacitance does not appear 1n the mput signal Vin 1n the
normal and the seli-diagnostic operation modes. The detect-
ing signal Vout 1s, therefore, not changed no matter when the
bufler 22 1s 1n the on state or ofl state. That 1s, the detecting
signal Vout 1s maintained to keep substantially constant
value even 1f the bufler 22 1s turned from on to off. The
control circuit 24 monitors the change 1n the input signal Vin
(S7) before and after the bufler 22 1s turned from on to off.
If there 1s a substantial change 1n the mput signal Vin, the
control circuit 24 holds to make the connect error signal off
(S8). If there 1s not a substantial change 1n the 1nput signal
Vin, the control circuit 24 makes the connect error signal on
(S9) and outputs it to indicate the misconnection.

As described above, the electrical capacitance proximity
sensor according to the present exemplary embodiment can
determine whether the sensor section 10 1s correctly con-
nected to the detecting circuit section 20 by eflectively
utilizing the guard electrode 14 which 1s provided {for
increasing the sensitivity of the nearby object detecting
sensor without providing an additional electrode on the
sensor section for detecting the misconnection.

Next, an electrical capacitance proximity sensor accord-
ing to a second exemplary embodiment of the present
invention will be described with reference to FIG. 6. In the
drawing, structural elements similar to or the same as the
first exemplary embodiment bear the same reference numer-
als and explanations thereof are omitted.

As shown 1n FIG. 6, the difference between the first and
second exemplary embodiments 1s a structure of the detect-
ing circuit section 20'. In the second exemplary embodiment,
the detecting circuit section 20' has a voltage pattern apply-
ing circuit 26 which generates a predetermined voltage
pattern for seli-diagnosis. A control circuit 28 controls a
switch 27 and the voltage pattern applying circuit 26 such
that one of the output of the bufler 22, which outputs the
signal of the same phase and voltage as the input signal Vin,
and the voltage pattern generated by the voltage pattern
applying circuit 26 1s applied to the core wire 32 through the
switch 27. The control circuit 28 causes the output terminal
of the switch 27 to connect to the output of the bufler 22 1n
a normal operation mode while it causes the output terminal
of the switch 27 to connect to the output of the voltage
pattern applying circuit 26 in a seli-diagnostic mode.

The operation of the detecting circuit section 20' will now
be described with reference to FIG. 7.

In the same manner as 1n the first exemplary embodiment,
the operator or the superior device sets the detecting circuit
section 20' to be in the normal operation mode or the
self-diagnostic mode.
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When the normal operation mode 1s requested (S1), the
control circuit 28 causes the switch 27 to connect to the
output terminal of the bufler 22 (S11). Thereatter, the control
circuit 28 monitors the detecting signal Vout generated by
the detecting circuit 21 and outputs the nearby detection
signal in the same manner as explained 1n the first exemplary
embodiment with reference to FIG. 5 and, theretfore, the
explanation 1s omitted.

When the self-diagnostics mode 1s requested (S1), the
control circuit 28 makes the detecting circuit 21 1nactive
(S12) and causes the switch 27 to connect to the output
terminal of the voltage pattern applying circuit 26 (S13). In
this state, the control circuit 28 monitors the input signal
Vin. In the case 1 which the sensor section 10 1s correctly
connected to the detecting circuit section 20', the voltage
pattern generated by the voltage pattern applying circuit 26
1s observed in the mput signal Vin which i1s generated
through the electrostatic capacitance between the detecting
clectrode 12 and the guard electrode 14 and that between the
core wire 30 and the coated wire 32 of the shield cable 30.
On the other hand, unless the sensor section 10 1s correctly
connected to the detecting circuit section 20", the voltage
pattern applied to the voltage pattern applying circuit 26 1s
not observed in the imput signal Vin. In this manner, the
control circuit 28 monitors the 1nput signal Vin to the input
terminal of the detecting circuit 21 (S14), holds the connect
error signal to be ofl when detecting the applied voltage
pattern (S15) and makes the connect error signal on when
not detecting the applied voltage pattern (516).

Also 1n the second exemplary embodiment, the seli-
diagnosis of the sensor section 10 can be achieved by
cllectively utilizing the guard electrode 14 similar to 1n the
first embodiment.

In the first and second exemplary embodiments, while the
ground electrode 13 1s used as the second electrode, another
clectrode except for the detecting electrode on the substrate
11 can be used as the second electrode. Furthermore, while
the shield cable 30 1s used for connecting the sensor section
10 and the detecting circuit section 20 or 20' 1n the first and
second exemplary embodiments, other configuration of
cables such as an FPC, FFC and parallel cable can also be
used therefor.

As described above, the electrical capacitance proximity
sensor according to exemplary embodiments of the present
invention can determine whether or not the sensor section is
correctly connected to the detecting circuit section by eflec-
tively utilizing the guard electrode which 1s originally pro-
vided for increasing the sensitivity of the electrical capaci-
tance proximity sensor without providing an additional,
special electrode for detecting the misconnection.

While exemplary embodiments of the invention have
been described and illustrated above, 1t should be under-
stood that these are exemplary of the mvention and are not
to be considered as limiting. Additions, omissions, substi-
tutions, and other modifications can be made without depart-
ing from the spirit or scope of the present invention. Accord-
ingly, the invention 1s not to be considered as being limited
by the foregoing description, and 1s only limited by the
scope of the appended claims.

What 1s claimed 1s:

1. An electrical capacitance proximity sensor for detecting
a nearby object, comprising:

a sensor section which includes a first electrode used as a

detecting electrode, a second electrode used as other
than said detecting electrode, and a guard electrode
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provided between said first and second electrodes, said
guard electrode being insulated from said first and
second electrodes;

a detecting circuit section which detects said nearby
object by monitoring a variation in an electrostatic
capacitance generated by said first electrode to output
a detecting signal;

a connecting cable which includes first and second wires
to couple said sensor section to said detecting circuit
section, wherein:

said first electrode and said guard electrode are coupled to
one end of said first and second wires, respectively;

said detecting circuit section receives a first oscillation
signal according to said electrostatic capacitance gen-
erated by said first electrode from the other end of said
first wire and supplies a second oscillation signal
having the same phase and the same voltage as said first
oscillation signal to the other end of said second wire,
said detecting circuit section taking a normal operation
mode for detecting said nearby object and taking a
self-diagnostic mode for making a diagnostic of a
correct connection between said sensor section and said
detecting circuit section, and

wherein said detecting circuit section further includes:

a switching controller which supplies said second oscil-
lation signal to said other end of said second wire 1n
said normal operation mode and stops supplying said
second oscillation signal to said other end of said
second wire 1 said self-diagnostic mode; and

a control circuit which detects an incorrect connection
between said sensor section and said detecting circuit
section 1n said selif-diagnostic mode based on changes
in said detecting signal by comparing said detecting
signal 1n said normal operation mode with said detect-
ing signal 1n said self-diagnostic mode.

2. The electrical capacitance proximity sensor as recited
in claim 1, wherein said detecting circuit section further
includes:

a voltage pattern applying circuit which supplies a pre-
determined voltage pattern, instead of said second
oscillation signal, to said other end of said second wire
in said self-diagnostic mode; and

a control circuit which determines an incorrect connection
between said sensor section and said detecting circuit
section 1n said self-diagnostic mode based on changes
in said detecting signal when said predetermined volt-
age pattern 1s supplied to said other end of said second
wire.

3. A method for operating an electrical capacitance prox-
1mity sensor which has a sensor section including a detecting
clectrode and a guard electrode coupled to a fist signal line
and a second signal line, respectively, said method compris-
ng:

receiving a first oscillation signal from said detecting

clectrode through said first signal line;

detecting a nearby object approaching said detecting
clectrode according to a vanation in electrostatic
capacitance 1n said first oscillation signal generated by
said detecting electrode;

supplying a second oscillation signal having the same
phase and voltage as said first oscillation signal to said
guard electrode through said second signal line 1n a
normal operation mode;

ceasing supplying said second oscillation signal to said
guard electrode through said second signal line 1n a
self-diagnostic mode;
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monitoring an input signal from said detecting electrode
to detect a substantial change 1n said electrostatic
capacitance before and after said ceasing supplying
said second oscillation signal; and

determining an incorrect connection of said sensor section
when said substantial change 1s detected.

4. A method for operating an electrical capacitance prox-
imity sensor as recited 1n claim 3, further comprising sup-
plying a predetermined voltage pattern to said guard elec-
trode through said second signal line after said ceasing
supplying said second oscillation signal, wherein said moni-
toring said input signal includes detection of a change 1n said
input signal corresponding to said predetermined voltage
pattern.

5. A method for operating an electrical capacitance prox-
imity sensor as recited in claim 3, wherein said detecting
said nearby object includes converting an amount of said
clectrostatic capacitance into a pulse signal having a duty
ratio corresponding to said amount of said electrostatic
capacitance generated by said detecting electrode.

6. An electrical capacitance proximity sensor for detecting
a nearby object, comprising:

a sensor section which includes a first electrode used as a
detecting electrode, a second electrode used as other
than said detecting electrode, and a guard electrode
provided between said first and second electrodes, said
guard electrode being insulated from said first and
second electrodes:

a detecting circuit section which detects said nearby
object by momitoring a variation in an electrostatic
capacitance generated by said first electrode to output
a detecting signal;
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a connecting cable which includes first and second wires

to couple said sensor section to said detecting circuit
section, wherein:

said first electrode and said guard electrode are coupled to

one end of said first and second wires, respectively;

said detecting circuit section receives a first oscillation

signal according to said electrostatic capacitance gen-
erated by said first electrode from the other end of said
first wire and supplies a second oscillation signal
having the same phase and the same voltage as said first
oscillation signal to the other end of said second wire,
said detecting circuit section taking a normal operation
mode for detecting said nearby object and taking a

self-diagnostic mode for making a diagnostic of a
correct connection between said sensor section and said

detecting circuit section, and

wherein said detecting circuit section further includes:

a voltage pattern applying circuit which supplies a pre-

determined voltage pattern, instead of said second
oscillation signal, to said other end of said second wire
in said self-diagnostic mode; and

a control circuit which determines an incorrect connection

between said sensor section and said detecting circuit
section 1n said self-diagnostic mode based on changes
in said detecting signal when said predetermined volt-
age pattern 1s supplied to said other end of said second
wire.
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